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Abstract 

Gravity data were used in this study to establish a 3D structure of northern 

Israel and its surroundings. The gravity dataset includes the national gravity database 

and approximately 1400 new gravity points measured during 2009-2013 in the Lower 

Galilee, the Golan Heights, and northeastern Samaria. These data were used to 

compile a new Bouguer gravity anomaly map of the study area. A previous model 

depicting the deep structure of the Levant and southeastern Mediterranean integrates 

available geophysical and geological data of three interfaces: (a) elevation; (b) top of 

the basement; and (c) the Moho boundary. The present model focuses on northern 

Israel and its surroundings, and includes the following layers: (a) Cenozoic and 

Senonian sediments; (b) Quaternary and Pliocene volcanics; (c) Miocene volcanics; 

(d) pre-Senonian sediments; (e) upper crust; (f) lower crust; and (g) the upper 

lithospheric mantle. We calculated the gravity effect of the model using state-of-the-

art Geosoft software, enabling 3D modeling and lateral / vertical density variations. 

The model geometry and its spatial density distribution were modified iteratively in 

order to fit the calculated gravity field to the observed (Bouguer) gravity field. 

1 Introduction  

In this report we present a regional-scale 3D layered structure-density model 

of northern Israel and its surroundings. The deep structure of the Levant and the 

southeastern Mediterranean lithospheric plates attracted many researchers who used 

different geophysical methods. Segev et al. (2006) presented structural maps of three 

principal interfaces: elevation, top of the basement and the Moho boundary for the 

relatively large area shown in Figure 1. Their structural maps were based on a 

compilation of previous studies: 

¶ Seismic studies (Ginzburg et al., 1979a; Ginzburg et al., 1979b; Ginzburg and 

Folkman, 1980; El-Isa et al., 1987; Ben-Avraham et al., 2002) 

¶ Teleseismic observations and tomography (Hofstetter et al., 2000; Hofstetter and 

Bock, 2004) 

¶ Compilation of geological and geophysical data (Cohen, 1988; Seber et al., 1997; 

Hirsch et al., 2002; Rybakov and Segev, 2004; Fleischer and Gafsou, 2005) 
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Figure 1 Location map of the Levant and eastern Mediterranean. The red rectangle delineates the study 

area of this work, while the yellow rectangle delineates the relatively large area studied by Segev et al. 

(2006). CGF - Carmel-Gilboa / Carmel-Faria fault system. 

Later Segev and Rybakov (2011) and Segev et al. (2011; 2014) updated their 

structural map of the top basement and constructed an additional map for the top of 

the Judea Group in accord with studies by Gardosh and Druckman (2006), Schattner 

et al. (2006), Meiler et al. (2008), Abelson et al. (2009), and Meiler et al. (2011). 

In this study we focused on northern Israel and its surroundings, a relatively 

small area (see Figure 1 for location). We refined the structural maps of Segev et al. 

(2006; 2011; 2014) and constructed additional maps for volcanic units and the Conrad 

boundary between the lower and the upper crust. The structural maps and density 

distribution of the model layers were constructed using direct gravity modeling and 

additional studies (Shaliv, 1991; Shaliv, 2000; Kazmin, 2005; Razvalyaev et al., 2005; 

Meiler, 2011). Geological maps in the study area (Ponikarov and Compilers, 1964; 

Bender and Compilers, 1968; Sneh et al., 1998) were used to constrain the model. 
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A detailed description of the method and available geological and geophysical 

observations are discussed in the next section. Further on we present results of the 

forward gravity modeling using Geosoft, leading to the final density distribution of 

the model layers providing the best fit of the calculated gravity field to the observed 

gravity field. 

2 Methods and data 

Commonly-used geophysical methods for studying the deep structure are: 

seismic refraction and reflection; teleseismic observations; tomography; and potential 

fields (gravity and magnetic surveys). Among these methods, only seismic 

tomography and potential fields fully provide a 3D structure whereas other methods 

only enable constructing the structure along a profile. Applying the gravity method 

for 3D studies of a relatively broad area such as northern Israel and its surroundings is 

widely accepted. Observed gravity anomalies represent spatial density variations 

related to structural features. Based on these variations, the gravity method is applied 

for locating geological structures and interpreting their depth. Using gravity data often 

involves a problem of non-uniqueness, which means that multiple theoretical 

solutions are possible during the interpretation process. We handled this problem by 

integrating various geophysical and geological data and using them as constraints. 

2.1 Modeling of the gravity field 

Previous studies presented 2D density models, mostly along seismic profiles. 

2D gravity modeling ignores effects generated by objects in proximity to the profile, 

unless the profile crosses these objects. Geosoft software (www.geosoft.com) enables 

modeling in 3D - an important step forward in gravity data interpretation - which 

enables connecting between different cross sections and accounting for the lateral 

density variation in every direction. 

The 3D model consists of a set of structural maps defining the interfaces 

between the model layers with given density distribution. Each layer is ascribed a 

different density, either constant along the layer or varying laterally, vertically or in 

both directions. Direct forward calculations of the gravity field were performed using 

the GMīSYS 3D module of Geosoft software, and compared with the observed 

file:///C:/Users/batsheva/AppData/Roaming/Microsoft/Word/www.geosoft.com
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gravity map. The structural maps and layer densities were modified in order to 

minimize the difference between the calculated and observed gravity fields. 

To extract the response of the local geology, various factors affecting the 

measured gravity field are removed by a series of corrections. After these corrections, 

the gravity field is represented by either the free-air anomaly or the Bouguer anomaly. 

Since the free-air anomaly includes the gravity effect of any mass above sea level, it 

often shows a strong correlation with the topography. In order to exclude this effect 

we used the Bouguer anomaly, which better reflects density variations associated with 

the deep geological structure. The calculations were performed using a background 

density of 2.67 gr/cm
3
, in order to make the calculated gravity field comparable to the 

observed Bouguer gravity field.  

2.2 Gravity observations and processing 

Previous gravity stations (see Figure 2 for coverage map) were adopted from 

the national gravity database, compiled by Rybakov et al. (1997), ten Brink et al. 

(1999), and Rybakov and Al-Zoubi (2005). The compilation includes data from 

onshore Israel (Ginzburg et al., 1993), the Sea of Galilee (Ben-Avraham et al., 1996), 

the Jordanian gravity network (ten Brink et al., 1999) and offshore Israel and Syria 

(Rybakov and Al-Zoubi, 2005). Some gaps in the previous data (Figure 2, blue dots) 

can be seen in the Lower Galilee, Golan Heights, and Samaria regions (Figure 2). 

Approximately 1400 new gravity stations were measured during 2009-2013 in order 

to fill these gaps (Figure 2, red dots). The new gravity station spacing in these areas is 

0.5-2 km, which significantly improves the resolution of the Bouguer anomaly map 

up to 0.8 mGal accuracy (Bielik et al., 2013). We measured the new gravity data 

using a Scintrex AutoGrav CG-3M of 0.005 mGal reading resolution, automatically 

corrected by the instrument for tidal variations. Eight existing and new gravity base 

stations were used during the survey for instrument drift corrections. Positions were 

obtained using TopCon GPS RTK (Real-Time Kinematic) and ASHTECH GPS 

instruments. The measured gravity data were processed using Geosoft software for 

corrections in the following order (Nettleton, 1971): drift correction, latitude 

correction, free-air (elevation) correction, Bouguer correction and terrain correction. 

Latitude correction was calculated according to the 1967 Geodetic Reference System 
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formula. Datasets of Digital Elevation Model (DEM) by Hall (1993), ASTER GDEM 

V2 (Tachikawa et al., 2011) and BENTAL (National Topographic Database) of the 

Survey of Israel were used for free-air, Bouguer and terrain corrections. Bouguer 

correction was calculated using a density of 2.67 gr/cm
3 

(Rybakov et al., 1995). 

Terrain correction was performed using the "TERRAIN" Fortran code developed by 

Rybakov et al. (2010), which was also used for replacing the elevation component of 

each station by a corresponding value from the DEM datasets in order to retain 

consistency. The processed gravity data were integrated with the previous gravity data 

and gridded in 1 km
2
cell size using the Minimum Curvature interpolation method to 

produce the Bouguer anomaly map (Figure 3). 

 

Figure 2 Coverage map of new (red dots) and previous (blue dots) gravity stations in the study area. 

Previous stations are after the national gravity database, compiled from different sources (Ginzburg et 

al., 1993; Ben-Avraham et al., 1996; Rybakov et al., 1997; ten Brink et al., 1999; Rybakov and Al-

Zoubi, 2005). New stations were collected during 2009-2013 (see text for details).  
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Figure 3 Bouguer gravity anomaly map of northern Israel and its surroundings, contoured at 10 mGal 

intervals. This map was used as the observed gravity field in the modeling process. Location of the 

cross section in Figure 17 is shown. 

2.3 Geological and geophysical data 

2.3.1 Available structural and geological maps 

The deep 3D model, with its base in the upper lithospheric mantle (70 km 

depth), includes the following interfaces:  

¶ Topography and bathymetry 

¶ Top and base of Quaternary and Pliocene volcanics (Bashan Group/Cover Basalt) 

¶ Top and base of Miocene volcanics (Intermediate Basalt/Lower Basalt) 

¶ Top Judea Group 

¶ Top basement 

¶ The Conrad boundary (lower/upper crust transition)  

¶ The Moho boundary 

For the Moho interface (Figure 4), we used the map compiled by Segev et al. 
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(2006) based on various works in the study area (Ginzburg and Folkman, 1980; Seber 

et al., 1997; Hofstetter et al., 2000; Ben-Avraham et al., 2002; Hofstetter and Bock, 

2004). Overlying the mantle, the crystalline crustal layer between the Moho and the 

top basement is divided into two separate units based on their density differences: 

upper and lower crust. The interface between these units, often referred to as the 

Conrad boundary, distinguishes between these two crustal units. Lacking direct 

constraints, we defined a 10 km uniform thickness of the lower crust. The thickness of 

the upper crust varies according to the depth of the top basement, delimiting it from 

above. 

 

Figure 4 Moho boundary contoured at 1000 m intervals, as compiled by Segev et al. (2006) based on 

the works of Ginzburg and Folkman (1980), Seber et al. (1997), Hofstetter et al. (2000), Ben-Avraham 

et al. (2002) and Hofstetter and Bock (2004). 

The top basement map after Rybakov and Segev (2004) was composed by 

integrating several sources. This map was later modified (Segev et al., 2011) by 

significantly deepening the top basement offshore Israel after Gardosh and Druckman 

(2006), attributing an additional ~3 km to the Levant basin fill (Figure 5). In this 

study we used additional data by Kazmin (2005), providing constraints for 
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southwestern Syria. The top basement structural map was modified during this study 

to provide a good fit of the calculated gravity field to the observed gravity field, 

resulting in the final map presented in the next section. A similar process was applied 

for the preliminary top Judea map (after Segev et al., 2014; Figure 6), which was also 

modified in the course of this study (see next section).  

 

Figure 5 Preliminary structural map of the top basement contoured at 1000 m intervals, as compiled by 

Segev et al. (2011) and O. Maimon (pers. comm., 2013) based on the works of Rybakov and Segev 

(2004) and Gardosh and Druckman (2006). This map was tested in the gravity model and modified as 

part of this study to provide a good fit of the calculated gravity field to the observed gravity field (see 

Figure 11 for final map). 

Isopach maps of two volcanic units, Quaternary and Pliocene volcanics, and 

Miocene volcanics, were constructed for the first time for northern Israel and its 

surroundings. Both maps are based mainly on boreholes, wells and surface geology 

data, partially interpreted by Shaliv (1991; 2000). Additionally, the works of Meiler 

(2011) and Razvalyaev et al. (2005) were used to compile the isopach map of the 

Quaternary and Pliocene volcanics. Direct information on the sedimentary and 

volcanic successions in the study area is taken from geological maps of northern 


















































